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Introduction
Radiation therapy (RTx) has been employed as radical therapy as well as palliative therapy in the treatment of malignancies. Recently, RTx has been increasingly used as one of the curative treatments for localized prostatic adenocarcinoma [1] . Permanent brachytherapy is used for patients with low risk prostate cancer, and is the optimal therapeutic tool to maximize cancer control while minimizing morbidity [2] .
RTx-induced sarcoma (RIS) is a rare, late adverse event, representing less than 0.2% of all irradiated patients [3, 4] . RISs are mostly associated with external-beam radiation [4] . RTx-induced prostatic leiomyosarcoma after permanent brachytherapy is extraordinarily rare. Herein, we present a case of RTx-induced prostatic leiomyosarcoma after permanent brachytherapy for prostatic adenocarcinoma.
Case Presentation
A 69-year-old man presented with dysuria and gross hematuria. He was diagnosed 6 years ago with localized prostate cancer with a Gleason score of 6. He was treated by permanent brachytherapy using 125 Iodine ( 125 I) with a planned total dose of 145 Gy. Serum prostate-specific antigen was 9.5 ng/ml before treatment, but was normal after brachytherapy. Urethroscopy showed stenosis by a tumor at the prostate. Transurethral prostatectomy revealed that the tumor was comprised of smooth muscle with spindle cells that had cigar-shaped nuclei with prominent cellular atypia, and proliferated cells forming fascicles in a storiform pattern. Immunohistochemical staining was positive for alpha-smooth muscle actin (SMA) and vimentin, and negative for desmin, CD34, estrogen receptor, and progesterone receptor. Based on these findings, the diagnosis was leiomyosarcoma of the prostate. Computed tomography showed that the prostatic tumor was over 5 cm with a high density of metallic seeds, and had invaded directly to the inferior bladder wall ( fig. 1a ). There was no metastatic lesion. Positron emission tomography showed that the abnormal increased uptake was consistent with prostatic tumor (fig. 1b) . Distant metastasis was not found. He was treated with three cycles of neoadjuvant chemotherapy (CTx) that consisted of doxorubicin and ifosfamide (AI) (doxorubicin 30 mg/m 2 on days 1-2, ifosfamide 2,000 mg/m 2 on days 1-5, every 21 days), and then a prostatocystectomy was performed with intrapelvic lymphadenectomy. Pathological findings revealed that the spindle-shaped tumor cells formed fascicles with strongly atypical clubbed nuclei and acidophilic cytoplasm ( fig.  2a, b ). There were large polymorphic tumor cells with many mitoses (over 20/10 high power fields) and necrosis. The proportion of necrotic tumor cells by neoadjuvant CTx was about 50%. The tumor extended from the prostate and infiltrated the bladder wall and serosa with lymphatic and venous invasion. The surgical margin was negative, and no residual prostatic adenocarcinoma was observed. Notably, nontumor prostate cells had enlarged as well as atypical nuclei due to RTx. Immunohistochemistry showed that tumor cells were positive for SMA ( fig. 2c), vimentin (fig. 2d ), muscle specific actin (HHF35), and desmin ( fig. 2e ) and focally positive for cytokeratin AE1/AE3, and negative for S-100 ( fig. 2f) , CD117 ( fig. 2g) , epithelial membrane antigen, and CD34 ( fig. 2h) . The Ki-67 labeling index was 60%. Interestingly, immunohistochemical studies showed p53 overexpression in the nuclei of leiomyosarcoma cells ( fig. 2i) .
Subsequently, adjuvant CTx was offered to the patient because of a high possibility of recurrence, but he chose a follow-up without CTx. Local recurrence and lung metastasis were detected by computed tomography 3 months after the surgery. He was treated again with AI. However, CTx was not effective and he died 6 months after the operation.
Discussion
RISs are quite rare but constitute serious late adverse events in adults [3, 5] . RISs are thought to develop after a latent period of 3-17 years, and are associated with externalbeam radiation [5] [6] [7] . The criteria for diagnosis of RISs are [8] : (1) the patient had received prior radiation; (2) the neoplasm occurred within the radiation volume; (3) a latent period of some years had elapsed; (4) there was histologic or radiographic evidence for a preexisting condition, in addition to microscopic proof for sarcoma, and (5) cancer syndromes such as Li-Fraumeni or Rothmund-Thomson have been excluded. Our patient fulfilled four of the five preceding criteria. He was not tested for genetic predisposing syndrome because his familial history did not suggest a potential hereditary genetic disorder.
Prostatic leiomyosarcoma is an extremely rare neoplasm that accounts for less than 0.1% of primary prostatic malignancies [9] . The standard therapy for cure is surgery among resectable patients [10] [11] [12] [13] . In terms of neoadjuvant and adjuvant CTx, the efficacies for leiomyosarcoma are disputed. However, most patients with metastasis or recurrence received anthracycline (doxorubicin or epirubicin)-based combinations with alkylating agents (ifosfamide, cyclophosphamide, or dacarbazine) and/or vinca alkaloids (vincristine or vinblastine) [10, 14] . The clinical outcomes of patients with prostate leiomyosarcoma have been dismal. Vandoros et al. [13] reported that median survival was estimated at 17 months. Metastatic disease at presentation and positive surgical margins are associated with worse survival [10, 13] . Moreover, RISs were associated with a poorer disease-specific survival than sporadic soft tissue sarcomas [5] . Therefore, we treated the patient with three cycles of neoadjuvant CTx that consisted of AI, which has been effective on leiomyosarcoma [15] . Pathological examination revealed that the proportion of necrotic tumor cells was around 50%, suggesting that the tumor cells in our case were sensitive to AI.
Although the majority of cases have occurred after external beam radiotherapy [3, 16] , only two previous cases of radiation-induced prostatic sarcoma after permanent brachytherapy are known [17, 18] . The latent periods were 8 and 9 years, and total RTx doses were 270 and 145 Gy, respectively. The latency in our case was 6 years, and the RTx dose was 145 Gy. These parameters were consistent with previously described cases. Gladdy et al. [5] reported that the latency (median, 23.5 years; range, 7-74) which was observed in external beam radiation-related leiomyosarcomas, was much longer than those of a different histology. However, the latencies of the three brachytherapy-related cases (including our case) were much shorter. This suggested that permanent brachytherapy might induce sarcomas earlier than external-beam radiation because of the higher dose to the prostate. The risk of RIS due to permanent brachytherapy should be investigated in future studies that involve a large cohort of patients.
Recently, Gonin-Laurent et al. [19] demonstrated that the rate of p53 mutation in RISs (58%) was significantly higher than that in sporadic sarcomas (16.8%). They claimed that the inactivation of p53 in RISs is a consequence of the irradiation, and furthermore, p53 inactivation was an early trigger event in RISs [20] . In our case, leiomyosarcoma cells were positive for p53 staining. This suggested that p53 inactivation might be associated with the onset of this radiation-induced leiomyosarcoma.
In conclusion, we described an extremely rare case of RTx-induced prostatic leiomyosarcoma after permanent brachytherapy for prostatic adenocarcinoma. A significant increase has been noted in the number of long-term cancer survivors with recent advances in radiotherapy. Therefore, it is important to employ careful long-term surveillance for patients treated with RTx. In addition, effective treatment strategies for prostatic sarcoma need to be developed.
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